(D 



CrossMark 

BIOMOLECULES Original Article 

- & Therapeutics siomoi Ther22(3), 260-266 (2014) 



Comparison of Piroxicam Pharmacokinetics and 
Anti-Inflammatory Effect in Rats after Intra-Articular and 
Intramuscular Administration 

Chan Woong Park\ Kyung Wan Ma\ Sun Woo Jang\ Miwon Son^ and Myung Joo Kang^* 

^Dong-A Pharmaceutical Co. Ltd., Yongin 446-905, 

^College of Pharmacy, Dankook University, Cheonan 330-714, Republic of Korea 



Abstract 

This study evaluated the pharmacokinetic profile and therapeutic efficacy of piroxicam (PX), a long acting non-steroidal anti- 
inflammatory drug for the treatment of arthritis, following intra-articular (lA) injection in comparison to the pharmacokinetic profile 
and therapeutic efficacy of PX after intramuscular (IM) injection. In the pharmacokinetic study in rats, systemic exposure and phar- 
macokinetic parameters of PX after a single lAdose were compared with systemic exposure and pharmacokinetic parameters of 
PX after administration of the same dose IM (0.6 mg/kg). The anti-inflammatory and analgesic effects of lA PX were evaluated 
simultaneously in a monoiodoacetate-induced osteoarthritis rat model. The plasma PX concentration rapidly rose following lA 
injection, and it was comparable to the plasma PX concentration following IM injection, suggesting the rapid efflux of the drug 
molecule from the joint cavity. However, in the efficacy study, the lA PX administration significantly reduced the knee swelling by 
reducing the level of prostaglandin in the joint, compared to that following administration of lA vehicle and after administration 
of the IM PX dose. In addition, we found that the anti-inflammatory and anti-nociceptive efficacies of lA PX were synergistically 
increased upon co-treatment with hyaluronic acid (HA), a potent agent for the treatment of osteoarthritis, at the weight ratio of 1:1 
or 1:2, and these effects were more pronounced than those following administration of HA or PX alone. In conclusion, this study 
demonstrated the efficacy of the lA use of PX alone and/or in combination with HA in osteoarthritis. 
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INTRODUCTION 

Osteoarthritis (OA) is the most common form of arthritis 
with an average incidence after the age of 65 years in about 
60% of men and 70% of women (Sarzi-puttini et at., 2005; 
Blagojevic ef a/., 2010). This musculo-skeletal disease is char- 
acterized pathologically by deterioration and loss of the articu- 
lar cartilage, subchondral sclerosis and osteophyte formation, 
and it is often accompanied by inflammation of the synovi- 
um and deterioration of the supporting structures of the joint 
(Haywood et al., 2003; Buckland-Wright, 2004). The currently 
available therapy is symptomatic treatment directed towards 
relieving the pain and regaining the physical function, includ- 
ing oral analgesics and non-steroidal anti-inflammatory drugs 
(NSAIDs) and intra-articular (lA) corticosteroid or hyaluronic 
acid (HA) injection (Pendleton ef a/., 2000; Moreland, 2003). 

Among them, oral NSAIDs are considered as the standard 



treatment for OA. NSAIDs inhibit the production of arachidonic 
acid metabolites such as prostaglandins and thromboxanes, 
which mediate the inflammatory process. Piroxicam (PX; 
4-hydroxy-2-methyl-N-2-pyridinyl-2H-1 ,2-benzothiazine-3- 
carboxamide 1,1 -dioxide) is a member of the oxicam group of 
NSAIDs. Its long plasma half-life of approximately 2 days al- 
lows once-a-day dosing, and thus may lead to improved com- 
pliance, particularly in the elderly (Richardson et al., 1985). 
However, many patients, especially elderly patients, either 
cannot tolerate daily oral doses of NSAIDs such as PX, and/ 
or suffer from NSAID-induced systemic side effects including 
gastroduodenal ulceration, bleeding and renal disorder (Hart 
and Huskisson, 1984; Laake et al., 1984; Deeks ef a/., 2002). 
HA, a high molecular weight polymer of glucosamine and 
glucuronic acid residues, is a principle constituent of normal 
synovial fluid and contributes significantly to its rheological 
properties and joint homeostasis. Intra-articular viscosupple- 
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mentation with HA can improve activity and can reduce pain in 
patients with arthritis of the l<nee (Peyron, 1993; Altman and 
Mosl<owitz, 1998). But, HA is a slow-acting symptom-modify- 
ing agent, requiring a series of weel<ly injections and common- 
ly prescribed with oral NSAIDs (most protocols require three 
or more injections) (Altman and Moskowitz, 1998). 

Several clinical studies have demonstrated that lA adminis- 
tration of NSAIDs provides advantageous results with respect 
to the analgesic efficacy, by delivering higher drug concentra- 
tion in local tissue (Unlu ef a/., 2006; Oztuna et al., 2007; Lee 
et al., 2011). The weekly lA tenoxicam-treated group showed 
more rapid pain relief than the daily oral treatment group of OA 
patients (Oztuna ef al., 2007). Lee et al. (2011) also reported 
that a significant improvement, as demonstrated by pain as- 
sessment tools such as visual analog scale, pain rating scale, 
and Rubin's scale, was observed in the ketorolac and HA com- 
bination-treated group as compared with the HA alone-treated 
group at the 5-week follow-up after lA injection. 

However, a consensus on whether local infiltration with 
NSAIDs including PX, offers relevant pain and/or inflammation 
relief is still lacking in the treatment of OA. Some investiga- 
tors have reported no analgesic effect or any benefit in terms 
of pain scores after the use of lA NSAIDs over placebo after 
knee surgery (Cook ef al., 1997; Gupta ef al., 1999). There- 
fore, this paper reports the results of a study undertaken to 
characterize the pharmacokinetic profile and therapeutic ef- 
ficacy of PX after lA injection in comparison to the those of PX 
after administration of the same dose intramuscularly (IM), for 
the treatment of OA. The plasma concentration profile of PX 
was evaluated in normal rats, using a validated LC-MS/MS 
assay. Second, we evaluated whether treatment with I A PX 
was better than IM PX in terms of anti-inflammatory and anti- 
nociceptive effects, using a monoiodoacetate-induced OA rat 
model. Third, we further evaluated the anti-inflammatory and 
analgesic efficacies of lA PX combined with HA, an effective 
agent for the treatment of OA, versus each single drug, in a 
rat model of OA. 



MATERIALS AND METHODS 

Materials 

Commercial PX injection (Rheoma® injection, Samsung 
Pharmaceuticals, 20 mg/ml as PX) for lA and IM use was 
obtained from the local hospital pharmacy. Sodium hyaluro- 
nate of microbial origin (molecular weight: 1500-2500 kDa) 
was purchased from Humedix Co., Ltd (Sungnam, Korea). 
Monosodium iodoacetate and isoxicam were purchased from 
Sigma-Aldrich (St Louis, MO, USA). Acetonitrile, methanol, 
formic acid, and deionized water were obtained from J. T. 
Baker (Phillipsburg, NJ, USA). All other chemicals used were 
of the highest commercial grade available. 

Animals 

Eight-week-old male Sprague-Dawley rats were obtained 
from Samtako (Kyungki-do, Korea). Rats were housed under 
conditions that included a controlled light cycle (light/dark: 12 
h each) and controlled temperature (23 ± 1 °C). Tap water and 
standard laboratory chow were available ad libitum. Rats were 
allowed to habituate themselves to the housing facilities for at 
least 3 days before agent treatments. All animal experiments 
were performed in accordance with the "Principles of Labo- 



ratory Animal Care"(NIH publication No.85-23, revised 1996), 
and were approved by the Committee for Animal Experiments 
of Dong-A Pharmaceutical (Seoul, Korea). 

Pharmacokinetic study in rats 

Experimental design: Rats were assigned to three groups 
by a stratified randomization scheme designed to achieve 
similar group mean body weights. One group received 0.6 
mg/kg of PX intra-articularly by an insulin syringe (31 G) into 
the right knee. Rats in the second group were given the same 
dose by IM injection in the hind leg. Third group received PX/ 
HA combination intra-articularly at a dose of 0.6 mg/kg each. 
After single administration of each drug, blood samples were 
collected up to 24 h post-dose for the pharmacokinetic evalu- 
ation of PX in plasma, using a fully validated method. In brief, 
blood samples were drawn from the jugular vein and collected 
in heparinized tubes. Plasma samples were then obtained by 
centrifuging the blood samples at 3,000 g for 10 min at 4°C 
in a microcentrifuge (Microfuge 22R Beckman Coulter, Ful- 
lerton, CA, USA). Plasma samples were analyzed for PX as 
described below. 

Quantification of PX in rat plasma: An LC-MS/MS assay 
was developed to determine the concentrations of PX in rat 
plasma. A 50 |il aliquot of plasma was transferred into a glass 
tube, followed by the addition of 1 0 i^l of isoxicam as an internal 
standard (100 ng/ml), and 200 |il of methanol containing 0.1% 
formic acid for protein precipitation. The mixture was vortexed 
for 30 s and then centrifuged at 3000 g for 5 min. The super- 
natant was subsequently injected into the LC-MS/MS system. 
An API 2000 mass spectrometer (Applied Biosystems, USA) 
with electrospray ionization (ESI) in positive ion mode for ion 
production was used for PX detection. Chromatography was 
performed on an XBridge 0.,^ column (2.1 mmxIOO mm, 5 nm. 
Waters, USA). The mobile phase consisted of 0.1% formic 
acid in water and 0.1% formic acid in acetonitrile (20:80, v/v) 
at a flow rate of 0.2 ml/min. The ion-spray potential was set at 
5.5 kV, and the source temperature was 550°C. Multiple reac- 
tion monitoring (MRM) was performed using nitrogen as the 
collision gas. The analytes were detected by monitoring the 
transitions m/z 332.1^121 .2 and 336.0^210.0, with collision 
energies of 30 and 30 eV for PX and isoxicam, respectively. 
The calibration equation was determined by least-squares lin- 
ear regression (weighted 1/x) over the range 0.05010 ng/ml 
in plasma. 

Calculation of pharmacokinetic parameters: The report- 
ed pharmacokinetic parameters (T ,C and area under the 

^ ^ ^ max' max 

curve (AUG)) were obtained using WinNonlin pharmacokinetic 
software (Version 6.1) (Pharsight, Inc., Mountain View, CA, 
USA), through a non-compartmental analysis. 

Efficacy study in rats with experimentally induced OA 

Induction of OA in rats: Monoiodoacetate (MIA)-induced 
arthritis model in rats was used (Fernihough ef al., 2004). 
Under anesthesia with 10% chloral hydrate (4 ml/kg body 
weight), male SD rats were injected with 3 mg of MIA (30 )^l in 
saline) into the right knee, and saline was injected in the sham 
group of rats. One day after the MIA injection, substantial in- 
flammation of the synovial joints was observed in the model. 

Drug treatment: Treatment was applied one day after the 
MIA injection and the time of treatment was defined as 24 h. 
At first, the therapeutic efficacy of PX after lA injection was 
compared to that of PX after IM dose. There were mainly four 
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Table 1 . Accuracy and precision of the LC-MS/MS analysis for PX in rat 
plasma 



Cone, 
(ng/ml) 


Accuracy 


(%r 


Precision {%f 


Intra-day 


Inter-day 


Intra-day 


Inter-day 


0.05 


90.5 


103.4 


5.3 


10.1 


0.1 


92.7 


95.8 


7.1 


5.8 


0.8 


93.7 


89.7 


3.9 


5.2 


8.0 


101.8 


98.9 


3.7 


3.5 



''Expressed as mean measured concentrations /nominal concen- 
trationsxIOO. "Expressed as the relative standard deviation. 



animal groups (n=8 per group) for drug treatments: (i) sham 
group injected with normal saline; (ii) MIA-treated group in- 
jected with lA vehicle; (iii) MIA-treated group injected with lA 
PX; and (iv) MIA-treated group injected with IM PX solution. 
PX solution was prepared by diluting the commercial product 
with distilled water at a concentration of 1 0 mg/ml. Drugs were 
administered using insulin syringe (31 G) at a dose of 0.6 mg/ 
kg. All injection volumes were about 20 i^l. 

In order to assess the effect of PX and HA ratio on their 
anti-inflammatory and analgesic activities, individual agents or 
combinations of agents at a different weight ratios (PX:HA, 
4:1, 2:1, 1:1, 1:2, and 1:4) were used. All MIA-induced OA 
rats were divided into 12 groups (n=8 per group), and they 
received vehicle solution; HA0.3 mg/kg; PX 0.075 mg/kg, 0.15 
mg/kg, 0.3 mg/kg, 0.6 mg/kg, 1.2 mg/kg, respectively; or PX/ 
HA combination 0.075/0.3 mg/kg, 0.15/0.3 mg/kg, 0.3/0.3 mg/ 
kg, 0.6/0.3 mg/kg, and 1.2/0.3 mg/kg, respectively, prior to be- 
ing subjected to the test mentioned above. 

Joint swelling measurement: Each formulation was ad- 
ministered 1 day after MIA treatment and its anti-inflammatory 
effect, as demonstrated by the reduction of knee swelling, was 
measured 2 days later with digital electronic calipers (Mitu- 
toyo, UK), representing asymmetry of knee diameters (milli- 
meters) between the ipsilateral and contralateral knee joints 
(Ashraf et al., 2011). 

Prostaglandin metabolite measurement: The level of 
prostaglandin metabolite (PGEM) in the joint was measured 
by the modified method as described previously (Magari ef al., 
2003). In brief, the right knee of each rat was amputated using 
a bone cutter and stored at -70°C until use. The tissues were 
immersed in 5 ml of normal saline and then homogenized on 
ice by using a high speed homogenizer (T 25 Ultra turrax, 
Ika, Germany) and incubated on ice for 3 days. Supernatants 
were collected by centrifugation at 13,000 rpm for 10 min. The 
concentration of PGE^ was determined by EIA following the 
manual of the EIA kit (Cayman Chemical Company, 514531). 

Pain assessment: OA was characterized by changes in 
weight distribution of each hind paw (Yoshimi ef al., 2010). 
Thus, a hind limb weight-bearing apparatus (incapacitance 
tester; Linton Instrumentation, Norfolk, UK) was used to as- 
sess the difference in the distribution of weight between the 
right (osteoarthritic) and the left (contralateral control) hind 
limbs at 72 h (Yoshimi et al., 2010). Animals were placed into 
a Plexiglas chamber with each hind paw on the separate force 
plate, and were allowed to become accustomed to the appa- 
ratus. When stationary, the force exerted on the plate by each 
hind paw was recorded over a period of 5 s and expressed 
in grams. A total of four readings were taken for each rat at 




o<l> 1 1 1 1 1 1 
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Fig. 1. Mean (± S.D.) plasma concentration-time profile of PX after 
IM injection of PX and lA injection of either PX or PX/HA combination. 



each time point, and the mean was used for calculation. The 
study was performed in an unblinded fashion, and % weight 
distribution of the right limb was calculated by the following 
formula: % weight of the right leg=100x[Right limb weight-;-(left 
limb weight+right limb weight)]. 

Statistical analysis 

Statistical significance was determined using Student's t- 
test and was considered to be significant at p<0.05, unless 
othenwise indicated. 

RESULTS 

Bioanalytical method validation 

The LC-MS/MS method for the quantitation of the NSAID in 
rat plasma met all of the validation criteria per the FDA Guid- 
ance. Retention times for PX and isoxicam were 1 .74 min and 
1.81 min, respectively. The mean recovery of PX and IS from 
rat plasma was 99.6% and 96.5%, respectively. The assay 
was linear over the range 50.0-10,000 ng/ml for the NSAID 
and the calibration curve could be described by the equation: 
3/=1.01x+0.0175 (^2=0.9996). The lower limit of quantification 
was 50 ng/ml with a relative standard deviation of 5.3%. The 
intra-assay precision ranged between 3.7% and 7.1% coef- 
ficient of variation (CV) with an accuracy of -1.8-9.5% rela- 
tive error (RE), over the range 100-8,000 ng/ml (Table 1). The 
inter-assay precision was below 10.1% CV and the accuracy 
was below 10.3% RE. Organic extracts were stable at room 
temperature for at least 48 h. Plasma samples were stable for 
at least 6 months at -80°C and also after three freeze-thaw 
cycles. The results indicated that the analyte was stable under 
any of the storage conditions described above and that no 
stability-related problems would be expected during the rou- 
tine analysis of samples for the pharmacokinetic studies. 

Pharmacokinetic evaluation in rats 

Fig. 1 shows the plasma concentration of PX versus time 
profiles after IM and lA administration in rats. The correspond- 
ing exposure data in terms of C , T , and AUC of PX are 

^ ' max' max' 

given in Table 2. The plasma PX concentration rapidly rose 
and peaked at 0.5 h following lAand IM injection, regardless 
of the route of injection, and it was eliminated from the circula- 
tion with the t.|,2 values between 6 and 9. Accordingly, there 
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were no significant differences in the T , C , and AUC val- 

^ max' max' 

ues between the lA PX and IIVl PX, suggesting the rapid efflux 
of the drug molecule from the joint cavity after lA injection. The 
relative bioavailability of PX after lA injection, calculated as 
percentage of the AUC(„ 24h) to IIVl PX, was about 85%, with no 
significance (p>0.05). 

The time course versus plasma PX concentrations after lA 
administration of either single agent or in combination with HA 
were further evaluated (Fig. 1). After single administration of 
PX in the presence/absence of HA, the plasma concentra- 
tions of PX, when compared at each time point, were statisti- 
cally identical (Fig. 1 ). PX was rapidly absorbed from the joint, 
yielding a C^^^ of 5.1 pg/ml at approximately 0.5 h (T^^J after 
dosing. The clearance of the therapeutic agent from the blood 
in rats was not altered by the natural polymer. This finding is 
supported by the observation that the calculated AUC value 
for PX after administration of PX/HA combination was identical 
to that after administration of PX alone (Table 2). 

Efficacy study in rats with experimentally induced OA 

Therapeutic efficacy of PX after lA and IM administra- 
tion: The anti-inflammatory effect of PX on the joint swelling 
is shown in Fig. 2A. lA administration of MIA (3 mg/30 |.il) in 



Table 2. Comparison between the mean pharmacokinetic parameters of 
PX after IM or lA injection of PX aione or after lA injection of PX/HA combi- 
nation in rats 





IM PX 


lA PX 


lA PX/HA 


AUC(o.24,) (^g-h/mir 


69.5 ± 22.4 


59.0 ± 12.1 


62.5 ± 11.5 


AUC(o..) (ng-h/mir 


70.8 ±22.7 


60.1 ± 13.1 


64.4 ± 12.6 


Cmax (^g/mlf 


5.3 ±0.7 


5.1 ±0.7 


5.1 ±0.3 


Tmax (hf 


0.80 ± 0.48 


0.90 ± 0.52 


1.10 ±0.52 


t„2 (h)' 


7.3 ± 1.4 


8.1 ±0.9 


9.0 ±0.8 


Relative BA' 




84.9 


89.9 



"Data are expressed as mean ± S.D. "Calculated as percentage of 
the mean AUC(o.24h) of each group to that of IM PX-treated group. 
Note: There were no statistically significant differences (p>0.05) 
between the groups in ali parameters. 



the right knee produced a significant knee joint swelling 1 day 
later, with an approximately 2 mm increase in the right knee 
joint diameter compared with that in the sham group (p<0.05). 
The diameter of the knee joint was only minimally decreased 
(about 15%) for a further 72 h in the vehicle-treated group. In 
contrast, both lA and IM injections of PX solution resulted in 
marked improvements, causing about 63% and 46% decrease 
in knee joint swelling, respectively, compared to that in the 
vehicle-treated group (Fig. 2A). In particular, the lA PX-treated 
group exhibited the greatest reduction in knee joint swelling, 
more than 63% after 2 days of dosing, showing a significant 
difference from the IM PX-treated group (p<0.05). 

The level of PGEM in the joint tissue was determined as 
the anti-nociceptive and anti-inflammatory effects of NSAIDs 
are understood to be caused by the decrease in PGE^ in the 
inflamed tissue. Because PGE^ produced in the synovial fluid 
is rapidly converted in vivo to its more stable metabolites, an 
estimate of the amount released was quantified (Cialdai et al., 
2009). Single lAor IM administration of PX (0.6 mg/kg) strong- 
ly reduced the level of PGEM in the joint by 39% and 56%, re- 
spectively compared to that in the vehicle-treated group (Fig. 
2B). The lA PX-treated group showed a remarkably greater 
reduction in the enzyme level compared to the IM PX-treated 
group (p<0.05). 

We further assessed the weight distribution of the injured 
hind paw and normal paw as a parameter for estimating the 
analgesic effect of PX. The change in % weight distribution of 
the right hind paw during the administration period is shown 
in Fig. 2C. Weight-bearing asymmetry in the experimental rat 
OA model was thought to be due to the pain induced by de- 
struction of cartilage (Mihara et al., 2007). The rats in the MIA- 
injected groups showed weight-bearing asymmetry and the 
values were between 32-37%, whereas the rats in the sham 
group with no MIA injection showed weight-bearing symmetry, 
with a value of about 50%. In the vehicle group, there was 
gradual decrease in weight distribution of the right hind paw 
over the entire period, reaching 28% at 72 h after MIA injec- 
tion. Compared to the vehicle group, both IM and lA PX-treat- 
ed groups showed greater values at 48 h after drug injection 
(about 37%) (p<0.05), suggesting an analgesic effect. There 
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Fig. 2. Changes in knee swelling (A), the level of PGEM in the joint tissue (B), and weight distribution of each hind paw (C) in MIA-induced 
OA rats after administration of PX via different routes: sham group injected with normal saline (sham); MIA-treated group injected with ve- 
hicle intraarticularly (vehicle); MIA-treated group injected with PX intramuscularly (IM PX); and MIA-treated group injected with PX intraar- 
ticularly (lA PX). A, the anti-inflammatory effect, as demonstrated by reduction of the knee swelling, was determined with calipers at 2 days 
after dosing and calculated based on the difference in diameter between the right and left knee. B, PGEM concentration in the joint was 
measured using EIA kit. C, the analgesic effects were investigated by measuring weight imbalance. Weight distribution (%) of the right limb 
was calculated by the following formula: % weight of the right leg=100x[Right limb weight-5-(left limb weight+right limb weight)]. Bar repre- 
sents S.E. (n=8), and statistical analysis was performed using the Student's f-test; *p<0.05 versus vehicle-treated group; **p<0.05 versus IM 
PX-treated group). 
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Fig. 3. Decrease (%) in knee swelling (A), and pain (%) in each hind paw (B) in MIA-induced OA rats after lA administration of PX/HA at 
different weight ratios. A, % decrease in knee swelling at 2 days after dosing versus prior to drug injection. B, % suppression of weight dis- 
tribution imbalance at 2 days after dosing. Bar represents S.E. (n=8), and statistical analysis was performed using the Student's f-test (*p<0.05 
versus vehicle-treated group; **p<0.05 versus greater than the sum of the values produced by each drug at the same dose). 



were no significant differences in the analgesic effect between 
the two groups. 

Therapeutic efficacy of PX combined with HA after lA 
administration: The anti-inflammatory and analgesic effica- 
cies of combined lA PX and HA versus each single drug were 
evaluated at the PX to HA ratio ranging from 4:1 to 1:4 (Fig. 
3). Synergistic anti-inflammatory activity was observed, as in- 
dicated by the joint swelling, at HA:PX weight ratios of 4:1 , 2:1 
and 1:1; while synergistic anti-nociceptive effect was observed 
at molar ratios of 2:1, 1:1, 1:2, and 1:4. Especially, combina- 
tion of HA with PX at the ratio of 1:1 and 2:1 resulted in a 
clear amelioration in both inflammation and pain related pa- 
rameters, and this effect was more pronounced than that after 
the administration of HA or PX alone. 



DISCUSSION 

It has been reported that delivering an NSAID at the site 
of injury might provide more profound pain relief compared 
with that after less targeted systemic administration. Several 
studies comparing lA NSAIDs with systemic administration re- 
ported better pain relief after lA administration, indicating a 
peripheral analgesic effect in OA and/or in postoperative pain 
in the knee (Elhakim et al., 1996; Colbert ef a/., 1999; Unlu 
et al., 2006). When administered locally, high concentrations 
of NSAIDs can be achieved at the site of cell injury, and local 
administration may lead to clinical benefits such as the use 
of lower doses, lower subsequent systemic exposure, and a 
reduced frequency of adverse events. In contrast, Caruso et 
al. (1964) reported that after lA injection of indomethacin, a 
member of NSAIDs family, in patients with rheumatoid arthri- 
tis, the local pain was only slightly alleviated and the functional 
capacity was modestly improved, due to rapid disappearance 
of the drug from the joint cavity. In order to provide a sound 
basis for preclinical efficacy of the lA use of PX alone and/or in 
combination with HA, preclinical pharmacokinetic and efficacy 
studies were conducted. 

It is now obvious that the rate and extent of systemic ab- 
sorption of PX following lA injection was rapid and substantial. 
The finding of rapid efflux of the drug from the joint is con- 
sistent with that in an earlier report, which documented that 
the NSAIDs paracetamol, salicylate, and diclofenac had mean 



terminal half-lives of 1.1, 2.4, and 5.2 h, respectively in the sy- 
novial fluid from patients with knee rheumatoid arthritis (Owen 
ef al., 1994). These short half-lives of lA administered drugs 
including PX in the joint tissue can be explained by the loose 
structure of the synovium, which offers little barrier to the dif- 
fusion of molecules in and out of the joint. Knight and Levick 
(1984) demonstrated that the synovial surface consists of a 
discontinuous layer of synoviocytes with extensive intercel- 
lular gaps ranging from 0.1 to 5.5 pm. As a consequence of 
the synovial miscellaneous arrangement, there is free trans- 
synovial flux of water, solutes, and even small molecules (MW 
<1 0,000 Da) such as NSAIDs (Okuyama and Aihara, 1984; 
Gerwin et al., 2006). However, in spite of the rapid disappear- 
ance of PX from the joint after lA injection, it is worth noting 
that the systemic bioavailability of PX after lA administration 
was relatively lower, at an average of 85%, compared to that 
after IM injection, indicating that the lA route provided a higher 
PX concentration in the local tissue. 

In our study, an MIA model was used to evaluate the pre- 
clinical efficacy of lA PX formulation in treating OA pain and 
swelling in comparison with each single drug. The injection of 
iodoacetate induces the loss of cartilage proteoglycans, fol- 
lowed by severe thinning of the cartilage and the development 
of lesions in the region of the subchondral bone and calcified 
cartilage consisting of fibrous tissue, infiltrating mononuclear 
cells and blood vessels (Williams and Thenar, 1989; Janusz 
ef al., 2001). Morphological characteristics and response to 
conventional analgesics suggest similarities between the MIA 
model and OA patients. 

In the MIA-induced OA model, administration of lA PX 
caused a substantial amelioration in inflammation symptoms 
and relevant prostaglandin level in the joint, which was even 
more pronounced compared to that after administration of IM 
PX injection. An lA PX administration significantly relieved the 
knee swelling and/or pain, by reducing the level of PGE^ by 
approximately 39% compared to that after vehicle treatment. 
It is assumed that following local administration of the NSAID, 
high concentrations of the drug were achieved in the inflamed 
synovium as proven by the pharmacokinetic study, with po- 
tential for a more effective reduction of inflammation and/or 
pain. This finding is supported by the earlier report, which sug- 
gests that NSAIDs delivered via lA injection effectively inhibit 
the activation of peripheral nociceptors, by reducing the levels 
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of aracliidonic acid metabolites such as prostaglandins and 
thromboxanes in the joint tissue (Izdes et al., 2003). NSAIDs 
injected intraarticularly may also reduce the pain by modifying 
the local inflammatory process (Unlu et al., 2006). Actually, 
Oztuna et al. (2007) demonstrated that the weekly lA admin- 
istration of tenoxicam provided more rapid and profound pain 
relief compared to the daily oral administration in OA patients. 
Further investigations on the elimination half-life of an NSAID 
in the inflammatory exudate and the correlation between ex- 
posure pattern and enzyme inhibition are needed for gaining a 
more comprehensive understanding. 

The relationship between the PX:HA ratio and the anti- 
inflammatory and analgesic effects was further assessed in 
rats with experimentally induced OA. The pharmacological 
mechanisms of HA are not clear, but lA HA supplementation 
was reported to prevent IL-1 -induced proteoglycan release 
from cultured chondrocytes and cartilage explants, stimulate 
proteoglycan synthesis in chondrocytes, enhance chondro- 
cyte proliferation, and enhance collagen synthesis in animal 
models of experimentally induced OA (Larsen ef al., 1992; 
Morris ef a/., 1992; Shimazu etal., 1993; Sonoda ef a/., 1997; 
Frean etal., 1999; Kang etal., 1999; Kawasaki etal., 1999). 
Our preclinical study clearly demonstrated that both the long- 
acting NSAID and HA are effective in treating OA via two dis- 
tinctive mechanisms that involve a synergistic effect of intra- 
articular co-administration. Especially, the PX:HA ratio of 1:1 
or 1 :2 showed outstanding synergistic anti-inflammatory and 
anti-nociceptive effects. The finding of the synergistic activity 
of two agents is supported by an earlier clinical report, which 
demonstrated that a significant improvement in pain, as in- 
dicated by the visual analog scale and Rubin's scale, was 
achieved in the lA NSAID/HA-treated group as compared with 
the HA alone-treated group (Lee ef al., 2011). Furthermore, 
Hashizume and Mihara (2009) found that HA inhibited NSAID- 
accelerated matrix metalloproteinase production, which was 
followed by inflammatory cytokine production from cytokine- 
activated chondrocytes. From these findings, we concluded 
that the use of NSAIDs in combination with HA, which have 
complementary mechanisms of action, could potentially pro- 
vide synergistic efficacy in the treatment of OA. 
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